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Abstract
In this research, bovine leg bones were burned, both with and without meat intact,
in order to determine if it was possible to extract and amplify DNA to obtain profiles. The
meat was burned over an open flame and the DNA was extracted using the Qiagen DNeasy
Blood & Tissue Mini Kit, quantified with the NanoDrop, and amplified using the Bovine
Genotypes Panel 3.1 Kit, and separated using the 3500 Genetic Analyzer. Profiles were
analyzed using the Thermo Fisher Cloud Microsatellite Analysis software. The samples
burned with the meat intact produced lower quantities of DNA than the bones burned with
the meat removed prior. However, the none of the profiles were complete for the burned
samples and definitive identifications could not be made for either set. In all, the
experiment proved that there are several different types of challenges when analyzing
burned skeletal remains. This research should be continued using more optimized methods
and possibly human samples.
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1. Introduction
1.1 DNA in Forensic Science
The order in which the bases within deoxyribonucleic acid (DNA) appear determine
the genetic code for specific organisms. DNA is passed along through generations from
parent to offspring with half of each individual’s genetic material contributed by the mother
and half by the father. As the DNA is inherited, recombination occurs and shuffles alleles
throughout homologous chromosomes (Bouuaert & Kenney, 2016), thus creating new
allelic pairs. The majority of the DNA sequence (99.9%) is shared between all individuals
and the remaining 0.1%, each specific person is individualizable, with the exception of
monozygotic twins. One way to specifically identify individuals is to examine
microsatellites, such as short tandem repeats (STRs) that are present within the DNA
sequence (Vieira et al., 2016). STRs are four to five base pair long sequences that are
repeated at varying numbers at several different loci that are used for forensic analysis.
There are STR loci located on all 23 chromosomes and for forensic purposes several
different commercial kits exist with overlapping groups of selected, well characterized loci.
None of these STRs code for physical characteristics (Butler, 2015). The process of
obtaining STR profiles involves polymerase chain reaction (PCR), which amplifies DNA
exponentially, and enables the detection of low amounts of DNA. Due to short allele length,
PCR STR typing can be used even for degraded samples. It is possible to multiplex the
PCR-STR reaction, as well, allowing for several loci to be amplified at once (Butler, 2015).
The more loci used for comparison, the less likely a match is coincidental, which is why
forensic kits have continuously been updated by adding more STR loci.
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In forensic investigations, these STR profiles often play a major role and DNA
evidence analysis is referred to as the “gold standard” in forensic science (Lynch, 2003)
for identifications. Microsatellite analyses, such as STR profiling, can be used to identify
suspects, victims, and the DNA donors to stains. The fact that STR profiles can be obtained
from degraded DNA allows for the identification of samples that have been damaged in
some way, such as burned, for example. Burned samples can arise from various situations,
including fire deaths and when arson is used in an attempt to destroy evidence. In an
attempt to destroy evidence, the victim may have been deceased prior to burning and it
may not be likely that a body would be visually identifiable. Disaster victim identification
can also include burned and degraded forensic DNA samples difficult to type using routine
casework procedures. These situations often involve mass fatality events and can be caused
by natural events, terrorists attacks, or accidents, but regardless of the cause, the victims
must be identified (Graham, 2006). In these types of cases, it becomes necessary to have
other methods of identification. One such method, which was explored in this research, is
to obtain an STR profile for the deceased individual to compare to an antemortem sample
containing the victim’s DNA, e.g. a toothbrush, or samples from the victim’s biological
relatives. Determining victims’ identities using DNA profiling is considered the “most
reliable and efficient” method in mass casualty events (de Boer, et al. 2018, p. 253). If
samples from more remotely related family members are used, the comparison may not be
to nuclear DNA, but to mitochondrial DNA for comparison to maternal relatives (Wallace,
2016) or Y-Chromosome DNA for comparison to male paternal relatives (Jobling & TylerSmith, 2017). STR and mitochondrial profiles can also be compared to databases of
missing persons if a potential identity is not known. If there is not an identification made
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through the initial comparison, profiles can also be entered into these databases for the
possibility of future identifications.

1.2 Literature Review
1.2.1 Thermal Effects on DNA
There are many factors that contribute to the stabilization of the DNA molecule,
including van der Waals, hydrophobic, and electrostatic interactions, base stacking, and
hydrogen bonding. However, these factors also play a role in the denaturation, or melting,
of the DNA (Khandelwal & Bhyravabhotla, 2010). When DNA is heated above room
temperature, the two strands cooperatively unwind due to the breakdown of these bonds.
This is a normal process that occurs frequently in order for the genetic code to be read
and translated into proteins or replicated. The melting temperature is that at which half of
the strand is unwound and half is still in its double helical form. In general, this
temperature varies based on the composition of the sequence (higher guanine-cytosine
content leads to higher melting temperatures), the length of the molecule, and the amount
of salt present (Kundu et al., 2012; Khandelwal & Bhyravabhotla, 2010). Usually, the
melting temperature is between 50°C and 100°C and, therefore, upwards of 100°C, there
is more separation of the strands and melting (Khandelwal & Bhyravabhotla, 2010).
Temperatures in forensic cases involving heat and fire are, of course, much higher than
100°C.

While there is not much known about the heat-stress effects on nucleic acid, it
was determined that the cells that are exposed to heat become more susceptible to double-
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stranded breaks due to repair mechanism inhibition (Kantidze et al., 2016). The authors
state that there is “complex suppression of almost all the repair systems in the cells of
higher eukaryotes,” (Kantidze, et al., 2016) which of course would include humans
involved in and the cattle used for research purposes. Heat can inhibit multiple repair
mechanisms, including both base and nucleotide excision repair, non-homologous end
joining, homologous recombination, and possibly mismatch repair. The way in which
each of these mechanisms are impaired is different, however. The base excision repair is
inhibited because DNA polymerase b and some glycosylases are deactivated in the
presence of heat. DNA-dependent protein kinase is likely inhibited in the nonhomologous end joining repair mechanism, while in homologous recombination there is
inhibition at multiple points in the repair process (Kantidze et al., 2016).

1.2.2 Materials and Instrumentation
In order to analyze DNA, it must first be extracted from within the cells. Qiagen’s
DNeasy Blood & Tissue Mini Kit utilizes spin columns to extract and purify DNA samples
from animal tissue. Prior to extraction, bone samples must be ground into very small pieces,
generally into a powder. Grinding the samples increases the surface area of the bone that
is exposed to the chemicals during the extraction process and therefore can increase the
amount of DNA that is released from the bone (Latham & Miller, 2019). The extraction
procedure includes incubation with Proteinase K and ATL Buffer (Qiagen, 2006). The
ATL buffer is a tissue lysis buffer that includes sodium dodecyl sulfate, which is a detergent
that lyses cells to release DNA. Proteinase K is a serine protease that has a broad specificity
and stability over a wide range. During the cell lysis in DNA extraction and purification,
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Proteinase K degrades the proteins within solution. The lysis is conducted at 56°C with
shaking to maximize the amount of DNA extracted by disrupting the cells and increasing
the Proteinase K activity. The lysate is filtered through a column and the DNA remains on
the column as contaminants are removed via wash steps and centrifugation. The wash steps
involve proprietary wash buffers and ethanol. In order to elute the DNA from the column,
extraction buffer or water is used for the final wash (Qiagen, 2006).

When conducting microsatellite analyses, it is important to determine the quality
and quantity of DNA used.

The NanoDrop™ from ThermoFisher Scientific is a

spectrophotometer that measures both the quantity of DNA in a sample (ng/µl) and the
quality of the DNA by calculating the A260/A280 and A260/A230 ratios of the sample. The
spectrophotometer has the ability to measure quantities of DNA from 2ng/µl to
15,000ng/µl and produces a full spectral for each sample. Both the A260/A280 and A260/A230
ratios determine the purity of the sample, with each taking different contaminants into
account. The A260/A280 ratio should be about 1.8 and considers contaminants that absorb at
lower than 280nm, while the A260/A230 ratio should fall between about 2.0 and 2.2 and
considers contaminants that absorb at lower than 230nm. A low value for the A260/A230 ratio
can be due to a number of possible contaminants, including guanidine residue leftover from
column extractions. High values for this ratio can suggest issues with the blank used, such
as incorrect or dirty solutions (Thermo Scientific, 2009). Low values for the A260/A280 ratio
can also be attributed to several factors, including concentrations of DNA that are below
10ng/µl. There is no indication that there is any issue with the sample if there is a higher
than expected value for this ratio (Thermo Scientific, 2009).
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Polymerase chain reaction (PCR) is very frequently used within forensic biology
both for qualitative and quantitative studies. PCR can be used to provide STR profiles and
also quantify the DNA being used for these analyses. The repetitive cycles enzymatically
extend specific target regions of DNA through the use of primer sequences (Butler, 2015).
Double stranded DNA is denatured at 94-99°C to give way to single stranded template
DNA. The target area on the template strand is flanked by two primers, a forward and a
reverse, which anneal between 50-65°C and determine which section of the DNA will be
replicated. These primers are generally 20 to 30 bases long and complementary to the
flanking region of the locus to be amplified. The final step is extension of the amplified
DNA strand. The temperature increases to 72°C and free deoxynucleoside triphosphates
(dNTPs) within the reaction mix are added to the growing strands by Taq DNA polymerase.
Taq is used because it is a thermophilic enzyme that can withstand the high temperatures
necessary for PCR amplification (Butler, 2015). This process is repeated in a cyclical
fashion until enough copies are made.

The Bovine Genotypes Panel 3.1 from Thermo Scientific is a multiplex kit that
amplifies 18 di-repeat STR loci from bovine samples, ranging in size from 65 to 309 base
pairs. The primer pairs for each microsatellite locus include one end-labeled with
fluorescent dye that can be used to detect the alleles after PCR amplification and
electrophoretic separation. The kit has optimal results when using one to two nanograms
of DNA that is of high quality and utilizes Thermo Scientific Phusion Hot Start DNA
polymerase that has 3’ to 5’ exonuclease proofreading activity to represent true alleles
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(Thermo Scientific, 2012). The kit includes all reagents required to amplify the 18 loci –
Master Mix, Primer Mix, and Control DNA001. As per Thermo Scientific, any tissue that
provides high-quality DNA is applicable, though the kit was optimized using hair and
blood. The Bovine Genotypes Kit 3.1 User Manual explains possible errors and
troubleshooting solutions. The most relevant of these issues for this research is that the
inhibitor concentration can be too high in a sample or the quantity of DNA is too low for
successful genotyping (Thermo Scientific, 2012).

The Applied Biosystems 3500 Genetic Analyzer is a capillary electrophoresis
instrument that utilizes eight capillaries for DNA fragment analysis. Capillary
electrophoresis is a method of separation that can be used for very small sample volumes
and provides rapid analysis of DNA. This separation technique can be used to separate
DNA fragments of various sizes at multiple loci using the different fluorescent dyes present
in multiplex kits. Capillaries are filled with a liquid polymer and have an electrical potential
across them that causes the buffer and samples to move from one end to the other. The
samples flow from the cathode inlet to the anode outlet and due to the fact that they are all
uniformly negatively charged, the fragments move at different speeds based on their size,
with smaller fragments moving faster than larger fragments (Butler, 2015). Through a
small window near the end of the capillary, a laser excites the fluorescent dye attached to
the primers and a fluorescent detector reads the fragments and generates
electropherograms. The time that the fragments take to travel through the capillary depends
on the fragment length and sizing standards, size panels, and genotyping software are
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required to call individual STR alleles and determine the profile of the samples (Butler,
2015).

There are many different types of software for microsatellite analysis that translate
the raw instrument data to the electropherograms used for analysis. Thermo Scientific
Microsatellite Analysis is a free, web-based program that allows for the import of panels
and sample data for analysis and is equivalent to the company’s desktop-based genetic
analysis software. Upon analysis, the addition of the panel adds allele names to each of the
peaks measured on the electropherograms. These alleles names are based on the allelic
ladder provided with the multiplex kit and the bins present around each possible allele. The
allelic ladder has fragments of every known allele size at each of the loci present in the kit.
As these are of known sizes, the raw data containing peaks that are initially based on time
can be translated into electropherograms containing allele sizes and genotypes (Butler,
2015). The software also labels peaks that are outside the range of the allelic ladder (off
ladder and out of bin) and these peaks can be edited out for ease of analysis. In single
sources samples, stutter peaks can also be removed during analysis. These peaks typically
occur one repeat size before the true allele and can be caused by deletions in the amplified
product due to a slip of the template strand. Forward stutter can also occur, though less
frequently, when the new strand slips as it is extending, which causes an insertion and a
peak one allele, or four bases, after the true allele (Butler, 2015; Woerner et al., 2017).
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1.2.3 Prior Research Involving Burnt Remains
A great deal of research has been done involving burned remains in the past, but
with conflicting results. The varying results in published studies make it difficult to fully
assess the likelihood of successful DNA extraction and amplification from such samples
without conducting the research firsthand. In a review paper, Douglas Ubelaker discusses
the culmination of several different experiments conducted using burned skeletal remains.
Generally, cremation and other burning temperatures range from 500°C to over 1200°C,
which cause major changes in the actual morphological structure of bones and tissues
(Ubelaker, 2009). Burned bones often exhibit shrinkage and fragmentation, which, when
combined with the soft tissue muscle contractions, can make it difficult to visually
determine if the remains are human or not. While it is normally assumed that thermal
degradation of the samples can pose an issue for the survival of genetic materials that are
useful in forensic investigations, it is possible that there is enough information to facilitate
a positive identification. Ubelaker suggests that even when burned at very high
temperatures the histological structure of the bones is preserved, but both nuclear and
mitochondrial DNA are not (Ubelaker, 2009). This would suggest that DNA testing,
whether STR profiling or sequencing (either nuclear or mitochondrial), could not be used
and alternative methods of identification would be required. However, it is noted that there
was some successful DNA amplification from fire victims that exhibited extreme charring
as early as 1991 and in dental pulp that had been heated to up to 300°C (Ubelaker, 2009).

Harbeck et al. conducted experiments involving the color and general changes to
bones upon burning and the possibility that DNA could be extracted and amplified. These
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experiments utilized bovine tibiae without any meat intact (Harbeck et al., 2011). Over the
range of 0°C to 1000°C, the authors suggest that the color of the bones changes from brown
to black to gray to white and, finally, that white color turns slightly pink. The experiments
showed that there was a decrease in the sample weight as the bones are burned at higher
temperatures and a decrease in the distinguishable bone structures (Harbeck et al., 2011).
At temperatures up to 700°C, there was successful, reproducible amplification of DNA.
Between 700°C and 1000°C, there was no PCR product obtained in these particular
experiments. In this same set of experiments, the researchers conducted genetic testing on
samples obtained from a crematory. They were able to obtain genetic results, which were
referred to as genetic fingerprints, but these results did not match the buccal swabs that
were collected prior to cremation for comparison, suggesting that they were contaminated
or altered in some way during the degradation process (Harbeck et al., 2011). There was
no information provided about the cleaning and/or sanitizing procedure at the crematory.

Another set of researchers, Imaizumi, et al., set out to determine if the
mitochondrial DNA from the D-loop and the 16S rRNA coding region of bovine samples
could survive burning and had some success. The authors removed all of the soft tissue
from the samples and burned the bones in an electric muffle furnaces at temperatures
between 150°C and 300°C at 50°C intervals with various burning times between 15
minutes and 180 minutes at 15 minute intervals (Imaizumi et al., 2014). The DNA was
extracted using the organic phenol-chloroform method and was purified using Centricon
columns. Contrary to the results of the Harbeck researchers discussed above, there was
only amplification at 150°C and 200°C. At 150°C, all heat exposure times provided results
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for both DNA fragments (Imaizumi et al., 2014). At 200°C, there was only amplification
of both fragments in samples that had been burned for 15 minutes and the larger fragment
was not amplified at 30 minutes. After 30 minutes, there was no longer successful
amplification at 200°C. There was no amplification at all at any temperatures over 200°C.
There are no specific methods outlined for the removal of the soft tissue, so it is possible
that the DNA suffered initial damage during this process and was not stable enough when
the burning process began to conduct extractions post-burning (Imaizumi et al., 2014). In
addition to the DNA work, the authors established a color gradient that correlates to
burning temperature. According to this particular paper, the color goes from yellow-white
to yellow-brown to charcoal-brown to ash-gray, and finally to chalk white. As with the
amplification, this gradient does not correlate with that established by Harbeck, et al, again
showing inconsistency with prior research (Harbeck et al., 2011; Imaizumi et al., 2014).

In a paper published the following year, Zgonjanin& Petkovi suggested that the
color of a burned bone can be misleading when attempting to extrapolate the burning
temperature. That is, the color may not actually be indicative of the temperature of the
remains during the burning process (Zgonjanin & Petkovi, 2015). This seems as though it
is very likely, as the other papers have contradicting color gradients (Harbeck et al., 2011;
Imaizumi et al., 2014). The authors of this paper, however, do not provide any information
about the coloration or condition of the bones that were used for the research and there is
no way to know the actual temperature to assess any correlation, as these samples utilized
were from actual casework samples. These included five femurs from earlier cases to be
retested and a rib from a current case involving the body of a missing man found in the
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trunk of a burned car (Zgonjanin & Petkovi, 2015). All samples were different, and the
specific conditions of each case were, of course, unknown. The researchers compared the
profile results obtained from the AmpFlSTR Identifiler Plus, AmpFlSTR NGM, and the
Y-Filer Kit, all from Applied Biosystems. The older samples had been tested originally
using the Identifiler Plus Kit and were retested using the NGM Kit. Male samples that had
male familial exemplars for comparison were also tested using the Y-Filer Kit. All three of
the kits were used for the remains recovered from their current case (Zgonjanin & Petkovi,
2015). All but one femur produced full profiles and the sample that produced partial
profiles had 10 out of 16 Identifiler Plus loci and 13 out of 16 NGM loci. All profiles, both
full and partial, were successful enough to make positive identifications when compared to
familial exemplars (Zgonjanin & Petkovi, 2015). It is interesting to note that the samples
in this experiment were extracted in the same manner as in the experiment conducted by
Imaizumi, et al., yet they produced very different amplification results (Imaizumi et al.,
2014; Zgonjanin & Petkovi, 2015). It is possible that the soft tissue played a part in this
disparity, though this hypothesis was not made in the actual publication. It is also
interesting that the casework samples provided better DNA results than those in controlled
experiments.

Discrepancies in the success of DNA extraction and amplification from burned
remains were again highlighted in research completed by Siriboonpiputtana et al. in 2018.
The researchers conducted DNA analysis on bones in various states of decomposition and
destruction, including burned bones, and the samples were separated into categories based
on their state. Those bones that were light in color with no traces of burning or immersion
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were considered to have “low destruction.” Bones with some traces of burning and brown
coloring that were buried or immersed had “medium destruction.” Finally, bones that were
either buried/immersed for a long period of time or completely burned were considered to
be “high destruction” samples (Siriboonpiputtana et al., 2018). All bones were treated in
the same manner and were cleaned, ground, and extracted using an automated DNA IQ™
instrument. The concentration of extracted DNA was determined using qPCR
(Quantifiler™ Human DNA Quantification Kit) and was amplified using AmpFlSTR
Identifiler Plus. The STR profiles were analyzed using GeneMapper® software. In samples
with lower starting template amounts, the amplification was completed with 32 cycles
instead of 28 and a double amount of DNA polymerase was used. It was noted that 34
cycles could be used, but with the additional cycles, there is a higher risk of peak imbalance
and over amplification (Siriboonpiputtana, et al., 2018). As the remains became more and
more decomposed, there was a downward trend in the success of amplification and STR
profiling. In the samples marked as “low destruction,” 84.4% of samples produced full
profiles, 9.4% produced partial profiles, and 6.2% did not produce any profile. In samples
marked as “medium destruction,” 31.2% of samples produced full profiles, 31.2%
produced partial profiles, and 37.5% did not produce any profile. The “high destruction”
samples did not produce any profiles at all (Siriboonpiputtana et al., 2018).

1.3 Research Goals
Based on the inconsistent results in this particular area of the field, there were three
main research questions - could useful DNA be extracted, would the DNA profile be
complete, and would the amplified profile match the exemplar profile? The research goal
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also included sequencing and determining if a correlation exists between histological
staining results and the instrumentally determined DNA concentration following
extraction. Time and resource constraints prevented this, however. Depending on the
culmination of the results, this research could potentially open doors for future
experimentation in the area of burned remains.

1.4 Hypothesis
It was hypothesized that there would be some DNA extraction and amplification
from the burned bone and that there would be some potential for identifications, however
there would not be full or complete profiles. The expected difference between the samples
with and without meat was that there would be more viable DNA from the samples with
meat because there was more initial DNA present, that is more biological material by
volume.

2. Materials & Methods
2.1 Samples
The bone samples used for research were bovine legs (beef shanks) obtained from
Esposito’s Meat Market in Manhattan. Both of the bovine legs were cut into eight pieces
of relatively equal size. Half of the samples were left as is and half had the meat removed.
One of each sample type was saved and left unburned as control samples. The controls
were labeled MC (meat intact) and NMC (no meat) and the samples were labeled MC3
through MC7 and NMC3 through NM7.
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2.2 Burning
Two samples with tissue and two without tissue were placed onto a cool grill and
burned using a butane torch. The torch was used to start the fires and to burn the samples
when the flames went out. This procedure did not seem to be the most efficient burning
method and the samples burned in this manner were not analyzed as they did not burn
enough. The rest of the samples were burned in a different manner, which is outlined below.

A propane gas grill was sanitized thoroughly using bleach and alcohol. The rest of
the samples (five with the meat on and five with meat removed) were placed onto the grill
after it had been lit and reached a temperature of at least 340°C according to the grill
readout. In order to keep as much of the samples as possible, and to ensure that there was
no mixing of samples, small trays made from aluminum foil were place inside the bottom
of the grill under each sample. The samples were left on the grill until they caught fire and
were left untouched until the fire went out on its own. If the bone was completely burned
when the fire went out, it was removed from the grill. If the fire went out prematurely,
either due to wind or opening of the grill to check the progress of the samples, it was
allowed to reignite and was removed after it had gone out again. The temperature of the
samples while on fire rose above 520°C, which was the highest reading on the infrared
thermometer used (the thermometer simply read “HI”).

2.3 DNA Extraction
The DNA from both sets of burned bones, along with controls from each, was
extracted using the Qiagen DNeasy Kit. The samples burned with the torch were not
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extracted. A piece of each sample (about 2mm) was placed into a separate, labeled
microcentrifuge tube. The bone fragments were ground into very small pieces (as close to
powder as possible) in the tubes using a glass rod. In order to lyse the fragments, 180µl of
Buffer ATL and 20µl of Proteinase K were added to each tube. The samples were vortexed
and then allowed to incubate at 56°C with shaking overnight. Following lysis, the samples
were vortexed for 15 seconds and 200µl of Buffer AL was added to each and mixed by
vortexing. Next, 200µl of 100% ethanol was added to each tube and the samples were again
vortexed to mix.

The mixture from each tube was transferred into a separate DNeasy Mini spin
column contained in a 2ml collection tube. The samples were centrifuged at 8,000rpm for
one minute and the flow-through was discarded. The columns were transferred into new
collection tubes and 500µl of Buffer AW1 was added to each column and the samples were
centrifuged at 8,000rpm for one minute. The flow-through was discarded, the samples were
transferred to new collection tubes, and 500µl of Buffer AW2 was added. The samples
were spun down at 14,000rpm for 3 minutes, the flow-through was discarded, and the
columns were placed into 1.5ml microcentrifuge tubes. For DNA elution, 100µl of Buffer
AE was added to each tube instead of the suggested 200µl. The samples were incubated at
room temperature for one minute and then centrifuged at 8,000rpm for one minute.

The extraction protocol was repeated twice for a total of three extractions from each
bone sample for 36 samples overall – 30 burned and 6 unburned controls. For distinction
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purposes, an A was added to the sample name for the second extraction and a B was added
to the sample names for the third extraction.

2.4 DNA Quantitation
In order to quantify the DNA extracted from the bone samples, the NanoDrop was
used. The instrument was cleaned with sterile water and blanked with Buffer AE prior to
quantifying the samples to remove any background noise that may have been caused by
the extraction buffer. A single microliter of each sample was added to the NanoDrop and
was read on the DNA setting. The instrument provided the concentration in nanograms per
microliter, the A260 and A280 values, the 260/280 ratio, and the 260/230 ratio.

2.5 PCR Amplification
The Bovine Genotypes Panel 3.1 from Thermo Scientific was used to amplify the
DNA. The PCR reaction mix was created by combining 10µl of Bovine Genotypes Master
Mix and 10µl of Bovine Genotypes Panel 3.1 Primer Mix per sample. The reaction mix
was vortexed to mix. To prepare the samples, 18µl of the reaction mix was combined with
2µl of DNA extract in a 0.2ml PCR tube. The DNA was not diluted as it was most likely
degraded DNA following the burning. Both a positive control (Bovine Genotypes Control
DNA001) and a negative control (sterile water) were prepared in the same manner. The
sample tubes were loaded into the GeneAmp® PCR System 9700 for the following cycle:
98°C for 60 seconds, 30 cycles of 98°C for 20 seconds, 60°C for 75 seconds, and 72°C for
30 seconds, followed by a 72°C hold for five minutes.
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2.6 Capillary Electrophoresis
The PCR products from the Bovine Genotypes Panel 3.1 were separated using
capillary electrophoresis on the 3500 Genetic Analyzer from Applied Biosystems. To
prepare the reaction mix, 11µl of deionized formamide (HiDi) was combined with 0.3µl
GeneScan 600 LIZ Size Standard per sample. The tube was vortexed to mix. In 0.6ml tubes,
10µl of the reaction mix was combined with 1.5µl of DNA burned or control amplification
product. The samples were heated at 95°C for three minutes for denaturation and then
immediately chilled for three minutes on ice. The entire mix from each tube was transferred
into a separate well of a 96-well optical plate. The plate was sealed with a septum,
centrifuged, and loaded into the Applied Biosystems 3500 Genetic Analyzer. The protocol
required POP4 polymer and the G5 dye set and following parameters: 22 second injection
time, 15kV injection and run voltage, 60°C run temperature, and 1200 second run time.
The electrophoretic separation was repeated for each sample again with a 17 second
injection time. The entire capillary electrophoresis process was repeated for a total of 4
runs, two with 22 second injections and two with 17 second injections. The NMC, NMCA,
and NMCB samples were diluted 1:2 before reanalysis.

2.7 Bovine Genotypes Panel Analysis
The samples were analyzed using the Microsatellite Analysis app on the Thermo
Fisher Cloud after the attempts at analysis using the GeneMapper ID X software was
unsuccessful. The bins for the analysis were provided by Thermo Fisher. The bins were
realigned to match the positive control literature value, according to the company’s
suggestion. Once the software produced results for the samples, they were compared to the
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controls and to each other to determine which markers consistently provided, or did not
provide, results.

3. Results
3.1. DNA Quantity
Following burning, DNA was extracted from each of the samples and a control
from each set of samples. The DNA was extracted from all samples in the same manner
(three samples from each bone for a total of 36 samples). The samples labeled MC, MCA,
and MCB were taken from the control sample with the meat still intact. Samples NMC,
NCMA, and NCMB were taken from the control sample with the meat removed. Samples
MC3 through MC7 and NMC3 through NMC7 were taken from the bones burned using
the second method outlined above. Interestingly, the samples that were burned with the
tissue intact have a lower concentration of DNA, on average, than those burned without
the tissue. The sample that had tissue removed prior to burning had a substantially larger
amount of DNA present after extraction. A full summary of quantitative results can be seen
in Table 1 and Table 2. The average DNA concentration of the controls with and without
meat were 4.7ng/µl and 100ng/µl, respectively. The average concentration for the burned
samples were 24.9ng/µl (with a standard deviation of 8.3ng/µl) for the samples with meat
and 40.4ng/µl for samples burned without meat (with a standard deviation of 26.73ng/µl).
There was one outlier within the samples burned without meat, sample NM5, which
contained 335.2ng/µl of DNA. The outlier test was performed using a significance level of
0.05 and the value in question had a Z score of 3.424, which was above the critical value
of 2.548 and was, therefore, excluded from the average calculation. The 260/230 ratios
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were below the desired range of 2.0-2.2, which suggests that there may not have been
complete purification of the samples during extraction causing some contamination of the
samples from the extraction reagents.
Table 1 (top): Meat
On
Quantitation
Results. The results
obtained from the
NanoDrop for each of
the samples with meat
intact.
The
concentration is given
in nanograms per
microliter.
The
absorbances at 260nm
and
280nm
are
included, as well as the
ratio of the 260/280nm
absorbances and the
ratio of 260/230nm
absorbances. Table 2
(bottom): No Meat
Quantitation Results.
The results obtained
from the NanoDrop for
each of the samples
with meat removed.
The concentration is
given in nanograms per
microliter.
The
absorbances at 260nm
and
280nm
are
included, as well as the
ratio of the 260/280nm
absorbances and the
ratio of 260/230nm
absorbances.
The
concentration of NM5,
335.2ng/µl,
is
considered an outlier.

3.2Bovine Genotypes Panel Analysis
The positive control for the Bovine Genotypes Panel 3.1 Kit (DNA001) had alleles
correctly called at 17 out of the 18 markers present in the kit after the bins were properly
aligned. The alleles of the positive control can be found in the Appendix. Marker TGLA53
had an expected genotype of 160, 168, but produced a genotype of 158, 160 instead with
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no way to properly align the bins to the correct genotype. This marker was, therefore,
excluded from sample analysis. The negative control appeared to have a profile present,
though most peaks have low height values. This profile can also be found in the Appendix.
Based on the profile, it is likely that this is the profile of a burned meat on sample as there
are alleles shared between the sample profiles and that of the negative. The alleles do not
seem to be from contamination in the instrumentation or extraction and amplification
processes, so it does not skew the analysis.

The control for the meat on samples was successful and produced a full profile.
Nearly all markers had the same genotype in all three amplified samples, except for
TGLA227, ETH10, and MGTG4B. These three markers had discrepancies in only one of
the replicates, but not all were present in the same replicate. In MC, TGLA227 had an allele
size of 74.44, whereas MCA and MCB had allele sizes of around 86. In MCB, ETH10 had
only a single allele called, but in MC and MCA, the samples appeared heterozygous. Also,
in MCB, MGTG4B had an allele sized 138.47, while MC and MCA had alleles of around
135. The no meat control sample did not have a profile present in any of the three replicates
(NMC, NMCA, NMCB) for any of the four runs of capillary electrophoresis. Even when
diluted 1:2, the samples did not produce any peaks and the error presented was that no
sizing data was available. Each sample with meat intact was compared to the other samples
and the control, while the no meat samples were only compared to each other, since the
control was unavailable.
The genetic panels for the samples did not provide a significant amount of results.
In all samples, both with and without meat, there were two markers that did not produce
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any alleles – SPS113 and BM1818. Marker ETH10 was missing in 34 of the 36 samples
amplified, with peaks in M7A and M7B, but none detected in any other samples. Marker
SPS115 was not present in 35 of the 36 samples, with a single peak present in NM6B. On
average, 22.5 peaks were present in the samples with the meat still intact and 21.8 peaks
were present in the samples with the meat removed. The peaks present in each sample
specifically can be seen in Tables 3 and 4.

Tables 3 (left): Meat On Allele Counts. Table 4 (right): No Meat Allele Counts. The average number of
peaks present was higher in the samples with the meat intact than in those samples with the meat removed.
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The samples that had the meat removed prior to burning did not have a control to
compare the results to because in all four runs of capillary electrophoresis the sizing data
was not found. Based on the common genotypes found in the burned samples, a tentative
profile was determined. Along with the markers mentioned above that did not provide any
genetic information, there were several that had inconsistent allele sizes. BM1824,
CSRM60, CSSM66, and ILSTS006 did not have results that were consistent enough
between the samples to call even a tentative genotype. The allele calls determined as the
control, though not from the NMC/NMCA/NMCB controls, can be seen in Table 5 and the
full allele table with the genotypes for all burned samples can be found in the Appendix.
Marker
TGLA227
BM2113
TGLA53
ETH10
SPS115
SPS113
RM067
TGLA126
TGLA122
INRA23
BM1818
ETH3
ETH225
BM1824
CSRM60
MGTG4B
CSSM66
ILSTS006

No Meat
Allele 1 Size
Allele 2 Size
68
70
117
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
83
90
110
N/A
164
180
202
N/A
N/A
N/A
110
N/A
150
160
INCONSISTENT INCONSISTENT
INCONSISTENT INCONSISTENT
131
N/A
INCONSISTENT INCONSISTENT
INCONSISTENT INCONSISTENT

Meat On
Allele 1 Size
Allele 2 Size
77.35
86.28
126.8
128.73
160.48
162.52
211
212.9
245.38
249.58
289.07
292.88
87.34
93.24
107.12
109.05
143.38
147.26
204.24
210.1
255.77
259.8
113.91
122.16
131.88
135.63
178.62
183.12
95.84
101.76
133.66
135.54
183.42
N/A
287.06
291.08

Table 5: No Meat
and Meat On Control
Profiles. The profile
obtained from the
sample with meat
intact that remained
unburned as a control
and the deduced
profile from the
samples with meat
removed prior to
burning. The no meat
control
did
not
produce any sizing
data, so the exact
profile is not known.

In the samples with the meat intact, the majority of the samples did not show
genotypes that were consistent with that of the control samples. The genotypes present in
the samples are, in most cases, not very far off from the control genotype, but are still not
the fragment sizes that would be considered to be consistent with the control. The only
marker that did not provide any matching or close-to-matching genotypes was TGLA227.
Marker BM2113 had a single consistent allele in samples M5, but all other samples did not
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have alleles that correlated to the control. Marker ETH225 had a match in sample M5;
marker MGTG4B had matches in samples M3 and M4B, as well as one of the two
fragments called in M3A, M3B, and M6; and marker ILSTS006 had a matching fragment
in one of the two present in samples M5 and M5B. The remaining markers – RM067,
TGLA126, TGLA122, INRA23, ETH3, BM1824, CSRM60, and CSSM66 – had some
peaks that were almost consistent in size, but not close enough to consider them to be a
match to the control. The allele calls for the MC/MCA/MCB controls can be seen in Table
5 and the full allele table with the calls for all burned samples can be found in the Appendix.

4. Discussion
4.1. DNA Quantity
After burning the bone samples, it became apparent that the samples that had the
tissue removed prior to burning provided a higher concentration of DNA. The samples with
the meat removed were not boiled, but as much meat as possible was removed from the
bones and the trivial amount remaining likely did not have any impact on the burning. This
was not initially expected as there was technically more biological material to begin with
in the samples with tissue. However, it is possible that these particular samples were
burning at a higher temperature due to the fattiness of the tissue. Burning at a higher
temperature could, and probably did, cause the DNA to degrade further than those that
were burning at an even slightly lower temperature. While the temperatures of the samples
were taken as they were burning, the maximum readout of the thermometer was 520°C, so
if it went beyond this point, the exact temperature is not known. It is very likely that the
temperature of the samples with tissue intact exceeded the temperature of the bones alone.
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The differences in quantitation results, and therefore temperature, between the
samples with and without meat are most likely not due to the burning of the exposed
marrow. If the marrow was exposed in only the samples with the meat intact, the burning
temperature could be attributed to this, as well, but that is not the case. The marrow would
have contributed equally to the temperatures of both types of samples as it was present in
all. The only difference between the types of samples was the external tissue, so this is
most likely the cause of the quantity discrepancies.

The temperature does not, however, account for the low concentration of the control
sample with tissue intact or the unexpectedly high concentration of DNA in the No Meat 5
sample. Regarding the control, it is likely that the portion of the sample removed for
analysis was not lysed well enough to remove the DNA. The sample may not have been
ground enough prior to the addition of the buffer and proteinase K, which could have
lowered the DNA yield. As for the high concentration of the No Meat 5 sample, it is
possible that the quantity is not from the bovine target DNA alone. The A260 and A280
values for this sample are also much higher than the other samples, which would suggest
that the sample is not pure. It is likely that this concentration is from other biological
materials, such as proteins, in solution.

Regarding the outlier in the samples burned without the meat intact, it is likely that
this is a result of contamination. The outlier test was conducted with a significance level
of 0.05 and the value was removed from calculations. The sample, however, was not
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excluded from further analysis because at the time it was not known whether or not it
contained viable DNA. It is possible that there was human contamination and the DNA
registered on the NanoDrop as it is not a bovine-specific instrument. If this was the case,
the profile would not have been amplified as the Bovine Genotypes Panel 3.1 Kit is bovinespecific. It is also possible that other materials and debris not removed during extraction
and purification were detected by the instrument causing the data to become skewed.

4.2 Bovine Genotypes Panel Analysis
In order to match the positive control sample to the literature values, the bins
provided by Thermo Fisher were manually moved slightly (about 1-2 bases each). This
was done based on a suggestion from the Applied Biosystems’ technical support staff
because the bin and panel were not optimized for the software being used (both
GeneMapper ID X and Thermo Fisher Cloud Microsatellite Analysis (MSA) App) and may
have been created using different instrumentation (GeneMapper 4). The kit was optimized
for instruments and software that were somewhat outdated. Though the bins were moved
to accommodate the samples, there was still one marker, TGLA53, that did not produce
the correct alleles in the positive control. The alleles listed in the literature are 160 and 168,
but the control has a genotype of 158 and 160. It is possible that this could be due to
amplification issues, including nonspecific primer binding. If the amplification was not the
cause of the incorrect allele calls, there could have been slight migration issues within that
marker that were not present in other markers. Based on the control sample
electropherograms in the kit literature, there are several peaks at each location that are not
called. At TGLA53, there are four peaks, but only two are called (160 and 168). Though

27
they are not labeled, there are two other peaks present, one of which appears to be 158. The
polymorphism at this location could explain the inconsistency in the results in that the
software used for this research could be calling the paired alleles differently than the
software used in the kit creation. It is not possible to know exactly what the cause of this
issue is, though it was consistent in all four capillary electrophoresis runs. Due to the
consistency of the issue, it was decided that the marker should not be used for sample
analysis. This did not have any major effect on analysis as 17 out of 18 markers were used.

While the allele name calls (i.e. 160, 168, etc.) were used to analyze the positive
control, because that is how the literature listed them, and compare the genotypes to the
known values, the sizes of the fragments were used for sample analysis. According to
Thermo Fisher, the markers chosen for the Bovine Genotypes Kit are very polymorphic,
which caused some fragments to fall outside the bins. The fragments falling outside of the
bins caused an issue where the alleles were not named and were called as a question mark
in the MSA. The fragment sizes were, therefore, used to compare the results among the
burned samples. This allowed for a far easier, yet also more comprehensive comparison of
the burned samples to each other.

Samples that had meat removed prior to analysis had higher DNA yields but had
more inconsistent results. The controls did not provide any DNA profiles, so it was difficult
to determine a profile though comparisons between the burned samples. It is likely that the
DNA quantity was too high in the amplified products for the controls, even when diluted.
This could have caused the peaks to bleed into other dyes, including the orange dye from
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the size standard. With extra peaks present in the size standard, the software does not
recognize it correctly and considers it absent, hence the “no sizing data available” error
message.

The samples with the meat intact, though they did have lower DNA yields, provided
profiles which were rather interesting and had more peaks called by the analysis software
present on average. There were some size fragments that were consistent with the control
samples, however, there were a great deal that were just slightly off from the expected
values. The samples with the meat removed prior to analysis also had very inconsistent
results. There were some consistencies, which allowed for the creation of the profile, but
those were not seen in many of the burned profiles. It is possible that there was stutter
present in the profiles, given that the peaks were close to those in the controls. The
inhibitors or contamination potentially present in the samples, as evidence by the 260/230
value seen when quantifying the DNA, could have also caused peak height imbalances,
which then caused the software to call two alleles a pair in one sample, but not in another.
The profile could have been created from DNA artefacts due to the poor quality of the
starting samples. It is likely that since the DNA was degraded during the burning process
some DNA fragments were lost. In this situation, longer fragments would not be amplified
at the same rate as shorter fragments causing longer alleles to drop out. It is also possible
that there was degradation within the primer binding sites, which would cause the primers
not to bind to the template strand. If there was no primer binding, there would be no
amplification and there would not be peaks present.
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5. Conclusions
Through this experiment and its analysis, it was concluded that under our
experimental conditions it was possible to obtain a full and complete genetic profile from
burned skeletal remains, because some viable DNA was present. Samples burned with meat
(soft tissue) still intact provided less of a DNA yield than samples that had meat removed
prior to the burning. The soft tissue, including fatty portions, possibly produces a higher
burning temperature.

6. Future Work
6.1 Method Improvements
Should this research continue, the PCR STR kit used should be one that is optimized
for the available instrumentation. Using a compatible kit would eliminate the need for the
bin rearrangement and improve the ease of analysis. Using exact allele calls instead of the
fragment sizes would allow for easier comparison between samples. In addition, it would
be beneficial to use a DNA extraction method optimized for compromised remains or
ancient DNA for example, e.g. the methods used by Loreille et al. (2007), which involved
extensive cleaning of the samples, grinding the bones to a fine powder, and decalcification.
Burning the samples could have taken place in a more controlled setting in which the
temperature, flame, and burn time were able to be adjusted and standardized. A final
improvement would be to have a better method of measuring the temperature during the
sample burning. While the temperature was measured in this experiment, the infrared
thermometer had a maximum reading of 520°C and it is likely that the temperature of the
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fires reached well above this maximum. A thermometer with a higher maximum readout
would be necessary and beneficial.

6.2 Method Additions
The original research goal for this experiment was to sequence the genome and
determine which, if any, particular areas of the sequence dropped out consistently when
the skeletal remains were burned. However, both time and resources were limited, and this
was not possible. For future studies, this would be extremely beneficial for analysis. It
would not only allow for determination of any dropout present but would show any
thermally induced damage that is not seen in microsatellite profile markers. If a specific
area of the DNA sequence that was consistently damaged or removed during thermal
exposure was identified, different approaches to analysis could be researched, as well. With
current practices moving toward Massively Paralleled and Next Generation Sequencing,
this could become very useful in future casework.
Additionally, different sampling methods could be used in future work. The
generally accepted method of preparing bone samples for DNA extraction and analysis
includes grinding bones into very small pieces or a fine powder to increase surface area.
However, this time consuming grinding process may not be necessary with newer methods
and commercial kits. Harrel et al. determined that when the same initial volume of bone
chip versus bone powder, there were comparable STR results with 75% of alleles reported
(Harrel et al. 2018). This could potentially reduce the contamination risk involved in
grinding the samples and can drastically reduce the time required for sample preparation.
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If possible, continuing this type of research using human bones and remains would
be advantageous. It would allow for a better understanding of how the DNA in actual
casework would be analyzed, though bovine samples do provide a sufficient equivalent for
research. As previously mentioned, prior research suggests there were very different results
in each study of human remains and continuing research on the subject could potentially
allow for more consistency. When using human samples, further testing can also be done
to determine the identity of the bones, for example mitochondrial and Y-chromosome
testing. It would be interesting to compare and note the differences, if any, in autosomal,
Y-chromosome, and mitochondrial results for both yield and profile. If human samples are
used, the quantitation could also be improved because there are various human-specific
qPCR kits commercially available that would most likely provide better results than the
NanoDrop. These kits would not take any non-human DNA into account and are much
more sensitive than spectrophotometric quantitation methods. The data from qPCR can
also include the degradation and inhibition of the sample (Hughes-Stamm et al., 2011)
Determining the inhibition and degradation of samples would be beneficial for analyzing
STR profiles. For example, if a sample has a high concentration of DNA but has poor STR
results, these values could explain why.

Histological staining would be a beneficial addition to future research, as well.
Again, due to time and resource constraints, the staining was not performed for this project.
The staining should be performed to compare the quantitation results to the results of the
stain using other methods (depending on the type of samples being analyzed). This should
then be compared to the results of the Bovine Genotypes Panel capillary electrophoresis.
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An example of this analysis would be comparing a histological stain that showed no stained
nuclei to a positive quantitation result and a positive panel and vice versa. This could help
determine what type of testing should be used in the future.
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Appendix
A-1. Positive and negative controls.
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A-2, A-3, A-4 (clockwise). Profiles for No Meat Control, No
Meat 3, and No Meat 4
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A-5, A-6, A-7 (clockwise). Profiles for No Meat 5, No Meat 6,
and No Meat 7
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A-8, A-9, A-10 (clockwise). Profiles for Meat On Control,
Meat On 3, and Meat On 4
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A-11, A-12, A-13 (clockwise). Profiles for Meat On 5, Meat
On 6, and Meat On 7

